With the exception of the skull of the new Swiss theropod and a few incomplete cranial elements of Liliensternus, no European Late Triassic neotheropod skulls are known. And, even from the Lower Jurassic, there is only the recently reported Dracoraptor hanigani (Martill et al. 4 ) from Wales with a preserved partial cranium. Worldwide, however, the fossil record of Late Triassic and Early Jurassic dinosaurs has greatly improved in the past 20-25 years, and the origin and early radiation of Dinosauria has been widely studied, for example [5] [6] [7] [8] [9] [10] [11] . Nonetheless, there are different hypotheses about early theropod relationships. Most of the taxa that have been assigned to the Coelophysoidea (for example, Coelophysis, 'Syntarsus', Dilophosaurus, Liliensternus and Zupaysaurus [12] [13] [14] [15] ) represent the earliest major radiation of Neotheropoda. Within this group, the Coelophysidae (for example, Coelophysis and Syntarsus) is the best-supported clade. More recent studies, however, suggest that at least some members of the 'traditional Coelophsoidea' (for example, Dilophosaurus; this term was previously used in ref. 16 ) are more closely related to the tetanurans and that the Dilophosauridae may represent a second clade of early non-averostran neotheropods, for example [17] [18] [19] . Nevertheless, the monophyly of both traditional Coelophysoidea and Dilophosauridae is still controversial. Concerning this debate, N. frickensis gen. et sp. nov. is a taxon that is key to understanding the relationships of early theropods because it shares many features with both clades. In addition, due to its good preservation it will promote the phylogenetic assignment of less complete theropods more accurately in the future. In this paper we describe the new genus and species, Notatesseraeraptor frickensis gen. et sp. nov. and discuss its phylogenetic position.
For the clade Coelophysoidea, we follow the definition of ref.
20
(Coelophysoidea sensu stricto of Ezcurra & Brusatte 16 ). Hence, it is understood as a monophyletic clade by definition but with changing taxonomic content, depending on individual phylogenetic analyses. Following the present study, the clade Dilophosauridae (phylogenetically defined in ref. 21 ) may include Dilophosaurus wetherilli, Cryolophosaurus ellioti, the fragmentary Dracovenator regenti and N. frickensis gen. et sp. nov. (see Supplementary information for further implications and a suggested diagnosis for Dilophosauridae). pelvic girdle; 13 dorsal, four sacral and four proximal caudal vertebrae; cervical, dorsal and sacral ribs; chevrons; and gastralia. From the preserved contents of the stomach, a well-preserved maxilla of the rhynchocephalian Clevosaurus could be identified (Fig. 1l Diagnosis. Notatesseraeraptor frickensis gen. et sp. nov. differs from all other theropods in the following unique combination of morphological character states: four exceptionally long but slender premaxillary tooth crowns that are as long as the anterior maxillary teeth but mesio-distally less wide (ratio 3/1 versus 2.4/1); premaxillary tooth crowns labio-lingually flattened, mesially somewhat broader than distally and with fine serrations along their mesial and distal carinae (5 per 1 mm); two recesses in the maxillary antorbital fossa (homologous with the promaxillary foramen and maxillary fossa); supratemporal fossa restricted to the posterior half of the parietal (autapomorphy); shallow basisphenoid recess; exit of vagus nerve through a posterior foramen lateral to the foramina for hypoglossal nerve; three distinct processes of the articular (medial, dorsolateral and dorsal process); markedly low-rectangular neural spines (ratio 2/1) of the posterior dorsal vertebrae; posteriorly increasing height of dorsal neural spines; flattened ventral surfaces and expanded articular faces of sacral centra; deep fossa on lateral surfaces of second sacral vertebra; anterior caudals with longitudinal fossae on centra and neural arches; prominent antero-proximally located tubercular processes on the first four chevrons; pronounced expansion (boots) on the distal ends of the pubis and ischium, ischial expansion (boot) larger than pubic expansion.
Description and comparison. The cranial bones are disarticulated but still closely associated. With the exception of a few elements, . j,k, Small slab with postcrania from above (j) and below (k). g-j, Anterior is left. k, Anterior is right. l, Maxilla of Clevosaurus (stomach content). an, angular; a, articular; aof, antorbital fenestra; afo, antorbital fossa; brc, braincase elements; car, carpals; cv, caudal vertebrae; cr, cervical rib; co, coracoid; d, dentary; di, digit; dp, dorsal process of articular; dr, dorsal ribs; dmp, dorsomedial process of articular; dv, dorsal vertebrae; emf, external mandibular fenestra; gr, gastral ribs; ha, haemapophyses; hu, humerus; il, ilium; itf, infratemporal fenestra; imf, internal mandibular fenestra; is, ischium; j, jugal; l, lacrimal; m, maxilla; mf, maxillary fossa; mp, medial process of articular; mc, metacarpals; n, nasal; pl, palatine; p, parietal; po, postorbital; prfo, promaxillary foramen; pt, pterygoid; pu, pubis; q, quadrate; qj, quadratojugal; ra, radius; sv, sacral vertebrae; sc, scapula; stcont, stomach contents; stf, supratemporal fenestra; sur, surangular; sq, squamosal; ul, ulna; v, vomer. Scale bars: a-e, 3 cm; f, 2 cm; g-k, 10 cm; l, 1,000 µm.
each paired bone (facial, palatal, braincase and lower jaw) was recovered from at least one side (Fig. 1a-f ). Thus over 90% of the skull elements are known, which makes SMF 09-2 the most complete theropod skull from the Late Triassic and Early Jurassic of Europe. The reconstructed cranium is proportionally long (about 225 mm from tip of premaxilla to end of quadrate condyle) and low, as is commonly found in traditional coelophysoid-grade neotheropods 12, 13, [24] [25] [26] [27] . Based on a three-dimensional reconstruction of the skull, the preorbital region comprises about two-thirds of the total skull length, which is about 2.5 times the skull's greatest depth in the middle of the orbit when the jaws are occluded. With Dilophosaurus wetherilli 25 , the Coelophysoidea [12] [13] [14] 24 and Tawa hallae 10 , it shares a ventral flange on the maxillary process of the premaxilla and a discontinuous upper tooth row (subnarial gap and diastema 28 ) at the premaxilla-maxilla transition. Laterally, the premaxilla is perforated by six neurovascular foramina. One particular foramen that is located at the base of the nasal process is slit-shaped and also found in D. wetherilli 25 , Dracovenator regenti 28 and Dracoraptor hanigani 4 . Most striking, however, is the above-mentioned morphology of the premaxillary teeth. In contrast to coelophysids where the mesial premaxillary teeth show only minor curvature, have a nearly circular cross-section and only a few to no serrations 12, 29 , the premaxillary tooth crowns of N. frickensis gen. et sp. nov. are all strongly recurved, laterally compressed and bear fine serrations (14 per 3 mm) along their mesial and distal carinae. Furthermore, as in Eoraptor (Figs. 10 and 11 in ref. 30 ), the proportions of the premaxillary tooth crowns are similar to those of the anterior maxillary crowns. In the coelophysid 'Syntarsus' kayentakatae (MNA V2623), where the maxillary dentition looks similar to that of SMF 09-2, the premaxillary teeth are, on the other hand, conspicuously smaller and much more slender. Such a difference in size is also present in Coelophysis bauri 29 (CM P-50530). As in Dracoraptor 4 and Dilophosaurus
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, the premaxillary crowns are procumbent. The maxilla forms the main border of the large internal antorbital fenestra that constitutes more than 30% of the estimated skull length. A pronounced horizontal ridge is oriented along the ventral rim of the antorbital fossa and, as in Eoraptor 30, 31 , Zupaysaurus 26, 32 , Monolophosaurus 33 and abelisaurids 34 , the dorsal and ventral margins of the horizontal process are parallel. The antorbital fossa has two relatively large, oval recesses located where the ascending process meets the facial region of the maxilla, here referred to as homologous with the promaxillary foramen 35 and maxillary fossa 18 . While a promaxillary foramen also occurs in S. kayentakatae 13, 14 , a maxillary fossa or even a fenestra is absent in coelophysids, Dilophosaurus and ceratosaurians but both recesses are present in Zupaysaurus. As in Zupaysaurus, the maxillary fossa of N. frickensis gen. et sp. nov. approaches in size and shape the maxillary fenestra of basal tetanuran theropods (for example, Dubreuillosaurus 26 ), in which the fenestra does not pierce the medial lamina of the maxilla. In SMF 09-2 both the nasal and lacrimal show no signs of pronounced cranial crests, typically developed in some potential dilophosaurid taxa for example 17, 25, 28, 36 . Instead, these bones bear a low marginal ridge projecting dorsolaterally slightly above the maxilla. The preserved left maxilla bears at least 15 alveoli, which is clearly fewer than in most adult Coelophysis specimens 29 with tooth rows bearing usually 22-24 alveoli. Anterior to the internal antorbital fenestra, N. frickensis gen. et sp. nov. has five alveoli in the preserved left maxilla; the juvenile C. bauri specimen NMMNH P-42200, on the other hand, already has six and adults have seven or even more alveoli (for example, CM31374). Laterally, the antorbital fossa of the L-shaped lacrimal is split by an anteriorly extended sinuous lamina. In SMF 09-2, the supratemporal fossa is well developed on the anterior and posterior processes of the postorbital, whereas it is restricted to the posterior half on the parietal. This restriction is most probably an autapomorphic feature of N. frickensis gen. et sp. nov. because, in closely related taxa, the supratemporal fossa is well developed throughout the parietal and even extends onto the frontal (for example, CM31374, QG194) 13, 17, 26 . Alongside the midline of the unfused parietals there is a longitudinal shallow trough, resembling the condition found in S. kayentakatae 13 . In N. frickensis gen. et sp. nov. and Zupaysaurus rougieri, the lateral surface of the jugal is quite flat and bears no horizontally running ridge, as is typically seen in Herrerasaurus ischigualastensis 37 and the Coelophysidae 18, 27 . Furthermore, the anterior process of the bone is rather long and possibly reached the internal antorbital fenestra in the articulated skulls of both taxa. There is no lacrimal process as seen, for example, in Allosaurus, but both N. frickensis gen. et sp. nov. and Z. rougieri (PULR 076) possess at least a dorsal bulge in the same anatomical position. The posterior and dorsal processes of the jugal form a near right angle in lateral view, and the lower temporal bar consists of the jugal and quadratojugal equally. In SMF 09-2, the quadratojugal and quadrate are not fused, which could also be related to its ontogenetic age 22, 23, 38 . Similar to D. wetherilli 25 , the lateral quadrate ala of N. frickensis gen. et sp. nov. is large, dorsally expanded and fan-shaped. The pterygoid ala on the other hand is double-lobed and looks like the inverted ear of an elephant, resembling strongly the condition seen, for example, in Coelophysis rhodesiensis 39 . The articulated left hemi-mandible of N. frickensis gen. et sp. nov. (Fig. 1d-f) is largely comparable to the long, but remarkably slender, mandibles of the coelophysids. However, compared to C. bauri (AMNH 7240), the teeth in the lower dentition are more widely spaced in the new taxon (two versus three alveoli per 10 mm) 18 . We estimate a total of 19-23 alveoli for each mandibular ramus 
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. With the coelophysoids it also shares a dorsally orientated attachment area for the musculus depressor mandibulae 18 . Furthermore, N. frickensis gen. et sp. nov. possesses three distinct processes arising from the dorsal and medial rims of the articular, which otherwise are found only in the dilophosaurids and, in reduced numbers, also in averostrans (Fig. 1f) . Therefore, the articular shows a mixture of character states that can be seen in C. rhodesiensis 24 and D. regenti ; Fig. 1g-k) share most of their morphological similarities with S. kayentakatae 22, 23 . In SMF 06-1, the length of the vertebrae increases posteriorly in both the dorsal (31 mm in D2 to 42 mm in D10) and caudal (28 mm in C1 to 33 mm in C4) series, but is constant in the sacral region. In regard to the length of the dorsal vertebrae, Dilophosaurus 25 shows the same relative relation as observed in the Swiss specimen. In Herrerasaurus 40 , Coelophysis 12, 13 and Liliensternus 2 on the contrary, the centrum length of the dorsal series is rather constant. Most of the preserved vertebrae of N. frickensis gen. et sp. nov. bear fossae (longitudinal, cranial and caudal fossa on the centra of anterior dorsals, fossa on centra of sacrals and longitudinal fossae on centra and neural arches of anterior caudals). The transverse processes of the anterior dorsal vertebrae in SMF 06-1 do not have the strongly backswept anterior margin seen in coelophysids and Ceratosaurus
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, but are subrectangular and mainly laterally directed in dorsal view. Furthermore, the height of the dorsal neural spines increases posteriorly as seen in Eoraptor
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, Herrerasaurus 40 and tetanuran theropods (for example, Piatnitzkysaurus floresi 42 , Sinraptor dongi 43 and Allosaurus fragilis 44 ). Compared to most other early-diverging theropods where the ventral surfaces of the sacral centra are rounded or keeled 45 , they are flattened in SMF 06-1 and C. rhodesiensis 24 . The scapula is similar to the corresponding element in coelophysids, Dilophosaurus 46 and Eodromaeus 9 in possessing a nearly straight posterior margin and a distinctly expanded distal end. As in most basal theropods, N. frickensis gen. et sp. nov. has plesiomorphically long forelimbs. The radius (97 mm) is about three-quarters of the length of the humerus (≥128 mm) and the manus (second finger, ~127 mm) is of a length similar to the two former skeletal elements (Fig. 1f,h ). The manus is composed of four digits, whereas the fourth is reduced to a very slim metacarpal, which is only half as wide as metacarpals I-III and has a single small phalanx. From proximal (I) to distal (IV), the corresponding phalanges of the digits become shorter and the first phalanx of the first digit is the longest non-ungual phalanx of the manus (Fig. 1g,h ). Shape and proportions of the ilium are similar to those found in Coelophysis 12, 24 and other early neotheropods such as Dilophosaurus 14, 25 . However, the outline of the bone differs slightly as the dorsal iliac margin is somewhat convex in lateral view, rather than straight (for example, Coelophysis 12, 24 ) or strongly rounded (for example, S. dongi 43 ). On the caudo-lateral surface of the ilium, there is a distinct rim for the musculus iliofibularis that continues over the whole ventral margin of the posterior blade. The pubis has a slightly downward-curved shaft and is, like the shorter, rod-shaped ischium, long and slender. As in the Coelophysidae, the ischium has a straight shaft but, compared to the former clade in SMF 06-1, the bone is distally clearly more strongly expanded since the ischiadic boot is much larger than the pubic one. The pubis is about 1.7 times longer than the ischium and thus shows proportions similar to the pelvic elements of Dracoraptor 4 . In the Frick theropod material, Dilophosaurus 25 and Liliensternus
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, the distal expansion of the ischium is much larger than the corresponding structure of the pubis. In the Coelophysidae these structures are of equal size. As in Dilophosaurus 14, 25 , there is a distinct antero-proximally located tubercular process on each of the four preserved cranially forked chevrons (C1-C4).
Phylogeny. Our comprehensive phylogenetic analyses, with emphasis on early neotheropods, revealed that N. frickensis gen. et sp. nov. is an early averostran-line theropod outside the clade Coelophysoidea (Fig. 2) . In concord with refs. 10, 17, 18, 21, 28, 47, 48 , and regardless of taxa choice, a dichotomy is found at the base of Neotheropoda which is formed by the two monophyletic clades Coelophysoidea and averostran-line neotheropods. The best-supported clade in each of our conducted analyses is the clade that comprises N. frickensis gen. et sp. nov., Dilophosaurus, Cryolophosaurus, (Dracovenator if included) and Averostra. Eoraptor, Eodromaeus, Herrerasaurus and Tawa are always found to be outside Neotheropoda. One of the trees best reflecting the relationships is shown in Fig. 2 .
Phylogenetic discussion and conclusion. Hypotheses on early neotheropod relationships still attract little general agreement. The assignment of several taxa to the Coelophysoidea is uncertain, and the monophyly of the clade Dilophosauridae is controversial 10, 16, 49 . A reduced analysis, with the inclusion of only taxa with at least 40% of the available character states ('40%-rule analysis') and which also contained no Averostra, produced a single most parsimonious tree (MPT) where N. frickensis gen. nov. is found as a member of Dilophosauridae (see Supplementary Fig. 1 and Supplemetary information for a suggested diagnosis of the clade). A 'dilophosaur clade' has also been recovered by other authors, for example 17, 19, 28 , but as it was mostly supported by cranial crest characters it was thought that the grouping may be artificial 33 . In the 40%-rule analysis of this study, the monophyly of the Dilophosauridae is supported by three unambiguous synapomorphies and nine additional ones under DELTRAN and ACCTRAN optimization, where none is related to cranial crest character states (Supplementary Table 2a) . In D. regenti, all of the seven synapomorphies pertaining to the articular and the premaxilla are also discernible. The addition of every further coelophysoid or dilophosaurid taxon to the 40%-dataset has no influence on the genaral tree topology, but changes at most the position of single neighbouring sister taxa. With the inclusion of any averostran theropod other than Piatnitzkysauru, the hypothesis of a monophyletic Diophosauridae is no longer supported. Instead it is suggested that there are several basal neotheropods, more closely related to Averostra than to Coelophysis. As shown by the phylogenetic tree in Fig. 2 , which in the main results from the 40%-rule analysis supplemented by four averostrans, all members of the previously monophyletic Dilophosauridae (inclusive of N. frickensis gen. et sp. nov.) are recovered as successive basal sister taxa of Averostra. The bootstrap and Bremer support values show that the relationships within the averostran-line neotheropods are very well supported. In contrast, the Coelophysoidea as well as the affiliation of Zupaysaurus to the non-coelophysoid neotheropods are not supported after only one or two additional steps. In the same analysis, the deletion of N. frickensis gen. et sp. nov. leads to an increase from a single MPT to 12. The strict consensus tree therefore consists of poor resolution with a large polytomy at the base of Neotheropoda. Interestingly, the integration of Sinraptor as a fifth averostran theropod leads to the formation of a clade of D. wetherilli and C. ellioti. Thus, the dilophosaurids might yet form a monophyletic clade.
As shown by the description and the results of the phylogenetic analysis, N. frickensis gen. et sp. nov. is an important new taxon with an interesting combination of plesiomorphic and apomorphic features of early theropods. Our study strongly supports a dichotomy at the base of Neotheropoda, formed by the Coelophysoidea (sensu ref. 20 ) on the one hand and the averostran-line theropods, including potential dilophosaurid taxa and Averostra, on the other. The question that remains is whether the potential dilophosaurids are successive sister taxa to Averostra or form a monophyletic Dilophosauridae. Regardless of whether the Swiss taxon is indeed possibly the oldest dilophosaurid and the first member of this clade known from Europe, it is certainly one of the oldest averostran-line neotheropods and bolsters the origin of this clade in the Triassic. Thus at least two major neotheropod lineages have already diverged in the Late Triassic that both survived the Triassic-Jurassic extinction event.
Methods
Phylogenetic analysis. In order to assess the phylogenetic position of N. frickensis gen. et sp. nov., we established a matrix based mainly on those of refs. 17, 18, 45 and scored 23 taxa for 285 character states (Supplementary information; two (character list) and three (character matrix)). Based on this dataset, several phylogenetic analyses with different numbers and combinations of taxa were run in PAUP (version 4.0b10). The goal of this multiple analyses was to estimate the possible effects of both missing data and phylogenetically unstable taxa on phylogenetic outcome. For the initial analysis we reduced the number of taxa to 11 (Eoraptor, Herrerasaurus, Tawa and 8 Triassic and Jurassic neotheropods) with at least 40% of the available characters scored, both cranial and total (cranial + postcranial) (Supplementary Table 1 ). This 40%-rule analysis was the starting point for every further analysis where we added additional coelophysoid and dilophosaurid taxa as well as averostrans, and where we always used all 285 features. Subsequently, all tree topologies and synapomorphies of the resulting clades were compared (for example, Supplementary Table 2 ). The single MPT resulting from the 40%-rule analysis is shown in Supplementary Fig. 1 .
Dracoraptor hanigani Martill et al., 2016 , which is fairly complete, is not included in the analyses since character scoring was nearly finished when the paper was published. The same is true for the more fragmentary coelophysoid specimens 
Data availability
All the data supporting the findings of this study are available within the paper and its Supplementary information. The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly
The statistical test(s) used AND whether they are one-or two-sided
Only common tests should be described solely by name; describe more complex techniques in the Methods section.
A description of all covariates tested A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient) AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)
For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors/reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Research guidelines for submitting code & software for further information.
Data
Policy information about availability of data All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:
-Accession codes, unique identifiers, or web links for publicly available datasets -A list of figures that have associated raw data -A description of any restrictions on data availability
The authors declare that [the/all other] data supporting the findings of this study are available within the paper [and its supplementary information files].
Field-specific reporting
Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.
Life sciences Behavioural & social sciences Ecological, evolutionary & environmental sciences
October 2018
For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf Ecological, evolutionary & environmental sciences study design
All studies must disclose on these points even when the disclosure is negative.
Study description
The study includes the morphological description, comparison and the phylogenetic analysis of the holotype specimen of the first theropod dinosaur skeleton from Switzerland. The phylogenetic analyses bases on a character matrix of 285 characters for which 23 taxa were scored.
Research sample
Holotype of Notatesseraeraptor frickensis gen. et sp. nov. Partial skull (SMF 09-2) and postcranial skeleton (SMF 06-1) of an early averostran -line neotheropod dinosaur.
Sampling strategy
Does not apply.
Data collection
The 
Data exclusions
For the phylogenetic analysis we excluded Dracoraptor hanigani , since character scoring was already finished, when the paper was published. The same is true for the more fragmentary coelophysoid specimens Camposaurus, Lepidus, Lucianovenator and Powellvenator. Moreover the latter taxa are represented mainly by elements that are not preserved in the Swiss theropod material.
Reproducibility
The phylogenetic analyses are reproducible. The character list and character scoring for all included taxa are given in the supplement of this study.
